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ABSTRACT

The purpose of this report is th:.establish specifications for discarding
uranium in an impure state for use with the recovery facilities in the
K-1420 building. These specifications, or discard limits, were determined
on the basis of expected recovery and fluorination costs in the k-lheo

building.

Discard limits were derived by assuming original uranium concentrations,
calculating a total recovery cost for each concentration, and then finding
that isotopic concentration or assay of uranium whose value equals the
reco#ery cost. The uranium concentration and assay coordinates so obtained
describe discard limit curves. These curves establish uranium dbpeemd
concentratiens and urapnium-235 assays below which solids and liquids should

be discardéd.

Discard limit curves have been derived for impure solutions and solids and
are shown in figures 11 and lefof this report. Recovered oxide having assays '
between 0.00417 and 0.00903 weight fraction uranium-235 should be fluorinated
in the feed-plant because of the net saving in fluorination cost which can be

realized above mixing-klosses in the feed plant. Ug\j(‘i ﬂSSiF}ED
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URANIUM DISCARD LIMITS FOR THE K-25 PLANT

INTRODUCTION
The basis for establishing uranium discard limits at the K-25 plant is
this: If the cost to recover a given quantity of uranium from an impure
state to urapnium hexafluoride exceeds its value as uranium hexafluoride,
the uranium is discarded; if the cost to recover a given quantity of
uranium in the same manner does not exceed its value as uranium hexa-
fluoride, the material containing that uranium is saved for uranium
recovery. Thus, uranium discard limits‘are directly dependent upon unit
recovery costs and unit values of uranium. This méans that if the unit
value of uranium were established, uranium discard limits can be

determined by evaluating unit recovery costs.

Although the cost of producing uranium at various uranium-235 concent?ations
has alweys been well known at the K-25 plant; from the plant start-up date
until October, 1952, no uranium values had been esteblished which would
include the strategic and monetary worth of this element and would there-
fore be useful in determining urapnium discard limits. Consequently,
arbitrary specifications for discarding impure urapium materials were used
at the K-25 plant during that time period. After unit values of uranium
were established (3), a cost study was made of the then existing batch-type
recovery pfocess, and this study led to more realistic discard limit
specifications at this plant (4). 1In addition, the establishment of uranium
values resulted in the development of discard limit specifications for the.
Paducash plant (1). The inefficiency of the batch process and the need for

enlarged decontamination facilities at the.K-ES plant led to the approval




of a new decontamination and recovery building (the K-1420 building)
having = new continuous recovery process. Since this new recovery process
is more efficient ﬁhan the batch type process, unit recovery costs will
be lower; hence, existing discard limit specifications are no longer
applicable. Therefore, the purpose of this report is to éstablish new
limits for discarding impure uranium materials (i.e., solutions and

solids) at the K-25 plant.

New uranium discard limits have been determined and are presented in
this report in graphic form; this fofm will gquickly indicate whether any
given material is to be saved or discarded. Furthermore, it will
indicate whether the final processing step, fluorination, is to be done

in the new recovery process or in the feed plant.

An inexpensive modification to the new recovery system which would
significantly lower the new discard limits is proposed in this report.
Since this modification would interfere with the converter decontamination
process in the K-1420 building for at least'18 months of operation, it is
not recommended that the modification be made until after this time period.
Material which would be saved as a result of this modification could be
stored until such time when the modification would be feasible. The

lower discard limits which would result from this modification have also
been determined and are presented in this report for appropriate applica-

tion.
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RECOMMENDATIONS AND CONCLUSIONS

It is recommended that figures 1l and 12 be the discard limit specifica-
tions for impure uranium solutions and solids, respectively, at the K-25
plant. If the uranium conéentration and assay of a solution or solid
are the coordinates of a point which lies below the lower curve in
figure 11 or figure 12, respectively, that material should be discarded.
If this point lies om or above the lower curve, the material should be
stored for future uranium recovery. The signfficance of the upper curve
in each figure is that if the point lies on or above the upper curve,
the material can be processea in the new recovery system at any time;

if the point lies below the upper curve but on or above the lower curve,
the material should be stored until a 100-gallon perlhour evaporator,
which is to be used exclusively in the converter decontamination process
for at least 18 months of operation, can be paralleled with the two
pre-extraction evaporators in the new recovery process. Once this

modification to the new recovery process 1is made, the upper curve in

figures 11 and 12 should be disregafded and material meeting the specifi

cations of the lower curve could then be processed at any time.

If any material meets the specifications called for by these curves and
has an assay within the range 0.00417 to 0.60903, the final processing
step for this material, fluorination, should be performed in the feed
plant rather than in the K-1420 building. This assay range is indicated

in figures 11 and 12.
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Material for which discard is indiéated may be saved for two reasons:
first, the value of the material which contains uranium may be high enough
to warrant the independent recovery of this material, and, second,

uranium discard limits may be sufficiently lower at another Atomic

Energy Commission installation to enable the economic recovery of

4hat
uranium at #kas installation.

DESCRIPTION OF THE NEW RECOVERY PROCESS

Figure 1 shows a schematic flow dlagram of the new recovery précess.
Impure sollds conteining uranium are fed into the dissolver (2) where
they are leached or dissolved with nitric acid. Any undissolved sollds
in the resulting mixture are filtered and the filtrate is pumped to
always-safe* storage tanks (c). Impure uranium solutions from other
sources are also fed to these storage tanks. If the uranium concentra-
tion of the solution in the storage tanks is less than 25 g:ams—pe?:7'/cfi
Liter (or 25,000 ppm), the solution is fed to to the pre-extraction

NESA I

Cornr J-’/‘"/\A.fmw /‘f/v‘\'c/vw‘-"- é Z( Ir [/ .
evaporators (d) where it is

<

‘>

concentréted solution from the evaporator or from the storage tanks 1s
fed to the pulse columns (e) which extract the uranium from the impure
solution with solvent (tributyl phosphate). The solvent containing
the purified uranium is sent to a scrubbing column (f) which removes
the uranium from the solvent with water. The resulting uranpium water

solution** is fed to an evaporator (g) which concentrates the solution

*The storage tanks are of a design which will make them always safe
from a critical radiation hazard.

*%The upanitum is in the form of uranyl nitrate: UOp (N03)2.




—— ——
et v sarapoms = —

, ::grﬁif' EFE
‘m 48 Ui\ Jil L E?

. v ey
T ek 2w 52y

to 300 grams per liter. This concentrated solution is fed to a drier

(h) which dries the uranium as uranyl nitrate hexahydrate, UOp (N03)2-6H20.
The uranyl nitrate hexahydrate is fed to a calciner (i) which transforms
this uranium compound to uranium oxide €U508). The uranium oxide is

then ground to a powder in a tube mill (j) and is then charged to a
reactor (k), where it is fluorinated to uranium hexafluoride (urg) .

The gaseous uranium hexafluoride is cold trapped into cylinders (1)

which are then available for feeding the uranium hexafluoride into the

cascade.

METHCD

The Relationship of the Variables Which Determine Discard Limits

The Atomic Energy Commission has established the unit value of uranium
at various uranium-235 concentrations or assays for uranium discard
purposes (3). For ease in reference, the table of uranium values (3) is
reproduced in table 1, and a curve drawn from these values is shown in
figure 2. Note that the unit value of uranium varies directly with its
assay. Uranium discard limits are obtained by finding that assay of
uranium whose unit value equals the unit recovery cost of uranium for a
given uranium concentration in the unprocessed material. It is obvious
that the lower the uranium concentration, the higher the recovery cost,
and thus the higher the assay of uranium whose value equals this higher
recovery cost. VConsequently, economic discard limits are resolved in an
inverse relationship between the uranium-235 assay and the uranium con-

centration in the unprocessed material.
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Assumptions

Since no cost experience for the new recovery process is yet available
upon which to base new discard limit specifications, it was necesséry
to use proposed batch sizes, equipment theoughputs, and man-hours to
calculate the recovery cost for each assumed uranium concentration in
the unprocessed material. In addition, a maximum processing rate of
15 kilograms of‘uranium per eight-hour day is assumed. Calculations were
based on the most efficient operation and utilization of the equipment
and on the most efficient utilization of man power to arrive at the
lowest possible recovery costs and thus the lowest possible discard
14mits. This assures the processing of any marginal material, the
saving of which might otherwise be in doubt. Other assumptions used

to calculate recovery costs are listed in appendix A.

Calculation of Discard Limits

The recovery cost for each assumed uranium concentration in the starting
material was calculated by summing the direct costs* in the recovery
process and then adding 107 per cent of the direct labor for plant
expense, 60 per cent of direct labor for maintenance materials and
labor, and 5 per cent of direct labor for building utilities. These
percentages of direct labor are based on the most recent cost experience
for the K-25 plant. Table 2 shows upnit costs for the processing of

impure uranium solutions to uranium hexafluoride. For each type of

*Budgeted costs for fiscal year 1955.
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direct cost listed in table 2 a samyle calculation is given in appendix
B. Table 3 shows unit costs for the processing of impure uranium
solids to impure uranium solutions. For each type of diréct cost
listed in table 3 a sample equation is given in appendiX'CQ The
initial uranium concentrations of the solid which are listed in table 3
were calculated from the uranium concentrations of the solutions which
are listed in table 2. This calculation 1s also shown in appendix C.
Teble 4 shows the total unit recovery cost for each initial uranium
concentration in the solution and solid. The total recovery costs for
solids in table L4 were obtained by adding eaeh totalrrecovery cost in
table 3 to the corresponding total recovery cost in table 2. The
uranium-235 assay shown beside each total unit recovery cost in this
table is the assay of uranium whose unit value equals the total unit
recovery cost. The assay was found by locating on figure 2 the valﬁe
of uranium equal to the total unit recovery cost and reading from the
curve the required uranium-235 assay. The uranium concentration and
uranium-235 assay values in table 4 form coordinsates which determine
two discard 1limit curves, one for impure uranium solutions and one for
Impure uraniﬁﬁ solids. These two curves are shown.inufigures 3 and h,
respectively. Before these curves can be accepted as discard 1imit
specifications for the K;25 plant, they must be altered for the reasons

and in the manner described below.

Effect of the Feed Plant Fluorination Cost on Discard Limits
It should be emphasized that the discard limit curves shown in figures 3

and 4 are based upon the cost of fluorinating the recovered uranium
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oxide to uranium hexafluoride in the K-1420 building. Since uranium oxides
can be fluorinated in like manner at a much lower cost in the feed plant,
discard limits will?iower for uranium having an assay at or near the assay
of uranium processed in the feed plant. Since an increasing mixing loss

is sustained with an increasing difference in assay between the uranium
oxide to be fluorinated and the uranium oxide in the feed plent, there
must be upper and lower assay limits wherein the mixing loss sustained

in the feed plant does not exceed the saving to be realized in processing the
recovered uranium oxide in the feed plant. TFor this purpose a mixing loss
equation is necessary to evaluate the lower and upper limits of those
assays for which material can be economically processed. In turn, a
uranium cost equation is necessary to determine the constant in the mixing

loss equation. A uranium cost equation was developed by fitting an

equation of the form
Y = A +BX +CX° (1)

to new uranium cost data (2) by the method of least squares over the

assay range 0.CO4O to 0.0100. This equation is

Y = =11.147 + 2500X + 637,143X2 (2)
where Y = standard cost of uranium with depreciation
for fiscal year 1955, dollars per kilogram
<2 uranium as uranium hexafluoride.
X = vuranium-235 assay, weight fraction uranium-235.

A mixing loss equation was derived in the manner outlined in appendix D.

This equatlon is
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2
637,134 (X1 - Xo) (3)
1+ M/N

where L = mixing loss, dollars
M = uranium having an assay X, kilograms
N = uranium having an assay Xp, kilograms
Xl, Xp = assays of M and I, respectively, weight

fraction uranium-235.

Note that the coefficient of X, in equation (2) was used as the constant

in the above equation. The maximum mixing loss, L. .. would be encountered
when a finite‘quantity M is added %to an infinite quantity ¥, which is
approximately the case in the feed plant. Therefore, the ratio of M/N

approacheé zero and equation (3) reduces to

Imax = 637,143 M (X; - Xp)° (1)

A saving of $5.76 per kilogram of uranium is realized by processing
uranium oxide through the feed plant. By setting this saving equal to
the mixing loss in equation (4), by letting M be unity, and by setting
Xy = 0.0066 (the average assay of material processed in the feed plant),
the upper and lower assay limits, Xg, were sélved for and were found to
ve 0.0090% and 0.00417. This means that small amounts of uranium oxide
having assays between these limits can be economically processed in the
feed plant along with the main stream of Hanford tails material. It is
to be noted, however, that should the stream of recovered oxide become

larger, e.g., ton quantities, the permissible assay band widens. The

processing of large quantities of uranium oxide is not to bte precluded
provided that the amount of material is large enough to require the
full fluorination facilities of the feed plant, the assay is below critical

hazard specifications, and provided the fluorination cost in the feed plant

N v 4 g

daes not exceed the value~af;i5§:ﬁ§f€’.alf
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Discard limits were re-evaluated within the assay band indicated above
by using equation (4) and the vrocessing saving of $3.70 per kilogrem
of uranium. The method of calculating values which determine the
revised discard limit curve within this assay band is given in
appendix E. Table 5 shows the values which determine the revised
discard limit curves. Thege curves are shown in filgures 5 and 6. The
curves ipn figures 5 and 6 are the same as those in flgures 3 and 4
except for the indicated rev}sion to each.

Z//'a..cq,\jciwf’ A Z

Effect of Minor Mcdification to Recovery System o—w

The cost analysis (table 2) which led to the discard limits shown in
figures 5 and 6 indicated that the limiting factor in the recovery
process was the +two pre-extraction evaporators which would be used at
their full capacity of 35 gallons per hour per evaporator. Additional
evaporator capacity to relleve this botfleneck could be provide@hby
paralleling with these two evaporators an evaporator of 100-gallon per
hour capacity which is to be used in the converter decontamination
process. This evaporator will not be available for paralleling with
the other two evaporators for at least 18 months of operation; however,
if the results of a cost analysis can show that discard limits would
be significeantly lowered with this modification, material which would
be saved as a result of this modification could be stored until such
time when the modification would be feasible. Consequently, a cost
analysis based on this modification was made to determine new discard
1imits which could be compared with those in figure 4. The procedure
used for making this cost analysis and for deriving the discard limit

curves based on this anaysis is the same as that previously described

_——-y
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under the paragraph heading "Calculation of Discard Limits." Table 6
shows unit costs for the processing of impure uranium solutions to
uranium hexafluoride. Table 7 shows the total unit recovery cost and the
assay of uranium whose value 1s equal to this cost for each initial
urenium concentration in the solution and solid. The total recovery

costs for solid material in table 7 were cbtained by adding each total
recovery cost in table 6 to the corresponding total recovery cost in

table 3. The uraniun céncentration and uranium-235 assay values in

table T form coordinates which determine two discard limit curves, one for
impure uranium solutions and one for impure uranium solids. ?hese two
curves are shown in figures 7 and 8. The curves in figures 7 and 8 were
revised by the same procedure previously discussed under the above section
heading "Effect of the Feed FPlant Fluorination Costs on Discard Limits”
to yield the uranium discard limit curves shown in figures 9 and 10. Data
supporting these curves are shown in table 8. The curves in figures 9

and 10 should be used as the uranium discard 1imit specifications for the
K-25 plant when the recovery system is altered in the manner described

above.

For comparison purposes, the discafd 1imit curves for solutions which
apply to the unmodified and modified new recovery system have been redrawn
from figures 5 and 9 in figure 11. Likewise, the discard limit curves for
solids have been redrawn from figures 6 and 10 in figure 12. Note that
the curves for the modified system are appreciably lower than those for
the unmodified system in both figures 1l and 12. Thus, material which
would otherwise be discarded would be saved and stored until the recovery

system is altered in the manner discussed above.
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Use of the Curves

Figures 5 and 6 represent the discard limit specifications for impure
uranium solutions and solidé, respectively, which apply to the recovery

" system in its present, unmodified form. Similarly, figures O and 10
represent the discard limit specifications for impure solutions and
solids, respectively, which will apply to the recovery system when a ‘
100-gallon per hour evaporator in the K-1420 buildiﬁg is tied into the
recovery system. This evaporator will not be available for this purpose
for at least 18 months. To illustrate the use of these curves, eefer to
the curve in figure 5 which is applicable to solutions and consider a
solution of known uranium concentration and assay. The uranium concen-
tration and assay are coordinates of & point that may lle above, on, or
below the discard limit curve fof solutions. If the point falls on

or above the curve, the solution is saved for processing; if the point
falls below the curve, the solution is discarded. The curve in figure 5
establishes minimum limits for discarding solutlons; 5&321493 all
solutions having uranium concentrations below 1 ppm of uranium or assays
below 0.00354 should be discarded. Likewise, acecording to the curve in
figure 6, all solids having uranium concentratioss below 16 x 10"6-5:::::-;' %,

eﬁhuraniumfgrum or assays below 0.00380 should be discarded.

Note that there are two curves in each of figures 1l and 12. The upper
curve in figure 11 is the same as the curve in figure 5; likewise, the.
upper curve in figure 12 is the curve in figure 6. The lower of the two
curves in figure 11 is the same as the curve in figure 9; similarly, the
lower curve in figure 12 is the same as the curve in figure 10. TIf the




uranium concentration and assay of a meterial under consideration are
the coordinates of a point which lies on the lower curve or in the
ares between the two curves, that material can be stored until such

time as the modification described above is feasible.

If any material meets the specifications called for by these curves
and has an assay within the range 0.00417 to 0.00903, the final processing
step for this material, fluorination, should be performed in the feed

plant rather than in the K-1420 building.
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VALUE OF URANIUM AS URANIUM HEXAFLUORIDE
AT VARIOUS ISOTOPIC CONCENTRATIONS*

Value of Value of
Concentration, Contained Uranium Concentration, Contained Uranium
weight as Uranium weight as Uranium
fraction Hexafluoride, fraction Hexafluoride,
uranium-235 $/keg. uranium-235 $/kg.
0.00200 0 0.04000 1,440.00
.00250 1.375 .05000 1,881.00
.00300 | 6.90 .06000 2,331.00
.00%50 | 15.23% .0T000 2,786.00
.00k00 25.%2 .08000 3,24L.00
.00450 36.81 .09000 3,703.50
.00500 49.60 .10000 ,170.00
.00550 63.25 .15000 6,525.00
.00600 T7.82 .20000 8,940.00
.00650 92.82 .25000 eﬁ§££%2§go
.00700 108.43 . 30000 -31%;848:00
. .00750 124.50 .10000 18,840.00
.00800 141.12 .50000 23,550.00
..00850 158.27 .60000 29,160.00
.00900 © 175.59 .770000 314 ,510.00
.00950 193.23 .80000 40,240.00
.02000 211.00 .82000 41,492.00
.01200 283.20 .84000 42,756.00
.01400 358.96 .86000 44,118.00
.01600 437.60 .88000 45,672.00
.01800 517.32 .90000 47,340.00
.02000 598.40 .91000 48,230.00
.02500 8ok .00 .92000 49,220.00
0.03000 1,013.40 0.93000 50,406.00

*Reproduced from reference (3).

—_,,_—--—-""::;:—::
.M

—— R

| ol &




& o000 00 1-T #T°0 €0 €Tt 0°¢T  §'gst 29° 46 00062
90°0 L* 60T T-19°1 #©2°0 16°0 eT't 0°6T 2 H9e 6LL*94 000¢6T
\ 60°0 grlLee T-6°2 9¢°0 LL'0 ¢T'T 0°GT €' 96¢ 06g° L& 000°0T
! L2ro 096 -6 1.0 66 1 Tt R | 00L G269t 000°6
\MM 89°0 096 T-L LLT Lg¢ 20°2 A O €G9 0LG" L 0002
\w N e 1 096 L "G ¢ ¢l L €0 N 9TLK° e 44 cgL-¢ 000‘T
”w\ 69°¢ 094 -1 go" L L 6T 90°g g2 T €49 G269 1 006
6¢°6 096 T-1 9T 4T 16" 0% 191 | 6L19°0 ¢%9 Ge9H6°0 0Ge
\ Ltet 094 T-L of"6¢ He ' LL g2 0H 9TLH2 0 €49 06g8LE 0 00T
. H6oe 096 -1 6L°0L 69° 44T 66708 eld %A o) €49 636810 0S
g9 el 095 T-L 96°¢6¢ Lyell 9L 2ot eLh20 0 ¢89 6gLeo-o 0T
WW 0L 9g¢ 094 T-L 06" 188 99°¢¢6°T | 06°900°T 90R600° 0 €%9 HISTO'O 1
w“ 6G°6¢2‘T 096 T-1 e Lhe ‘e TT°960°L 0" 669°¢ L69200°0 €49 ¢TH00° 0 60°1
w Lg-ege‘t 096 T-L O TLE‘C 7€ 99¢ ‘L 19 6eQ‘¢ 264200°0 €G9 - L6200 0 60T
qummm%q@mwwmwgm>m QMMMMWM :“WMMMﬁ :qwmwmﬁ D«wmmmw‘ nsswmwna NWMMM mwwmwmewonoo mmﬂMMMH
wesls JI39BM ~-U20U0) TeoT1ATeUy JoqeT PIOV OTIQTIN  PoUIRlUO) yo3eg
uotysrodesg 3SITd ‘Surtdureg TBI3TUI

to718I0dBAT 103 UofyBIBdaid

SATHONTAVXHH WAINVEN OL NOILNTOS FUNAWL - SLS0D AHEAODTY WAINVHN

¢ ¥IdVL




21

| 91°0 91'0 9T°0 600 90°0 62 SHT H8°0 G gst oo.o 000°62 4.
910 910 | 9T'0 600 90°0 63" Gt #8°0 ¢ g4t 10 000¢6T
9T 0 91°0 9T°0 600 90°0 63" GHT #8°0 G* QST 6170 000°0T
9T 0 910 910 60" 0 90°0 He gl #8°0 oHT - 6¢£°0 000°S
9T°0 91" 0 91°0  60°0 TT°0 99° 98 06' 1T ¢é 96°0 -~ 000‘2

3 oT'0 9T'0  9T'0  8T'0 22°0 ¢g-06 00°¢ g6 <61 000°T
: 910 - 9T*0 9T°0 1¢°0 o 16°16 66°6 ¢6 1g°¢ 004
. 910 910 9T'0  9L'0 680 on* 36 66° 1T 6 ¢LeL 0%2

MM : 91°0 91°0 91" 0 Lo T o gete gl+e6 L6 62 ¢6 1% 6T 00T

M . 910 9T 0 910 Hlog Ly h ww.mm H6* 65 ¢6 L9 g¢ 0§
910 9T'0 9T’ 0 ¢lgt a2 g6°cb 1L 662 ¢6 9¢ €61 ot

: 910 910 910 €094 o4 66°26 62" 64l _ €6 eh egh f
W u 9T*0 9T°0 9T'0 ¢g Lt G6° o2 g66° 26 Lo 64Lie ¢6 86 ¢LLT 60" T
W 9T'0 9T°0 910 g¢ gLt 9L 212 g66°26 e heg‘e ¢6 96 THE‘T o' T
n-99/% 0 -on/¢ 0 9/$ n %/¢ o B/¢ .Hmw S on /¢ .ﬁmw n /¢ n wdd
‘3800 ‘9.800) ‘1.800 ‘1800 €1.80D ‘pagerodesy 980D J0qB] ¢-deag x93 3® ‘ag0)  ‘uoOT3BIFUSIUOD
wsw.mmmww wzwmﬁ%ﬂd .m% hopdAQOﬂvMMMwwé v:owwmmz noapo.m..nubnm A”meUwowwMMmmogdénMMwwp e

(*3u0)) FCTHONTAVXEH WAINVHN OL NOILNTOS THAJWL - SIS0D XHTAODTY WNINVHA

¢ TIdvld




22

LT 9t 20°9 06°¢ 6T 01 490¢] ge 1 L2t 19°2 0¢°1 000°62
02* LT LG9 2g°¢ ¢€9°01 66*0 e T 121 19°2 06T 000¢6T
G2 gl #T° L AR T 1T 660 ge T 12 1 19°2 0¢°T 000°0T
¢9° 18 1619 02°6 69°3T 29°0 e T 21 19°2 0¢° T 000°¢6
69°9¢ 71691 g6 Gl 6T 89°1 e 1 2T H9°2 0¢°T 0002
I € ¢9 69°0¢ 96° LT 2h 3¢ 1€ g T 12T 19°2 0¢°1T 000°T
_mm 66°9TT 1985 6T 4€ gL" LS WAL gt Iz T 92 0¢' T 00§
Mw 0T°¢2e 09 H#1T €9°99 06 Q0T gh¢T 81 LT H9°S 0£°T 062
i MW um.mjm 96182 ¢6°¢ot €9°092 99°¢¢ ge 1 le't 19°¢ 0¢ 1 001
MM mw.mwona 68° 094 0T 92¢ LT 4TS T L9 gt 21 79°2 0T 0S
MH%m.mmmﬁm pm«mmwﬂm 66°¢29‘T  G9-eHs‘e LG 9g¢ e T 21 19°2 0¢°1 0T
_ M&o.mmm“mﬂ 96°9L6°9 LE9C0‘ w0 99 eh e 8T 121 19°2 0¢°1 Ut
m@.jmmuwj 6466562 OT TEY‘HT H< 692°¢a 9l°Lgo‘¢ 9¢° T let 79°2 0% 1 60°T
2Ll 62l06 g2rolSfoe  HRtLwnGT it GST4e 6¢°G0e‘E g T 2T 19°2 0¢°1 o' T
n *sk4/¢ n-9/¢ 0 S/¢ o /¢ n /¢ n /¢ a /¢ n cB/¢ neB/§ ‘asod 1 wdd
PSS A B M S8 oy O SO B i e
Tejol, ‘oouBusjuteH  399IFd 182.0% TOX3U0D ‘Bupdureg quos)
‘peagaany T182.0% UOTHIDAUOD Fupputan

(-3u0)) FATHONTIVXEH WNINVHN OL NOILNTOS HUNJIWI - SISOD XYAAOTEY WNINVHN

¢ TIdVilL




L) o
8 1
m T0°6 6L TAR o 9L°¢ gHTT'O 000°62
| e 2¢ T ol LL 92'9 8g90° 000¢GT
€6 2T g6 1 G6 ot Tt o6 66470° 000°0T
| g6t 76°¢ 70" TS 62°2 Gl gt 0£20° 0006
L6729 9g°6 L°26 ¢L-g 86 94 QT600° 000°e
- 03° 62T ¢L 61 GH" GOT g T L6°¢6 664100° 000°T
| =
5 19°362 91" T} G TTE ¢6°¢z 26 LgT 0¢200" 00¢
<3 .
3 19" 664 61" gL Gg-ogh 19°6h 70 6L¢ gHITo0" 052 |
1¢ .
|1 (A en" L6T CH G0 T gL HIT 69" 656 654000 00T
g 12 861h°2 16765 ER A 50" 622 22" 6la T 0£2000° 0.
Wm AR (Y AN 93" 696°T 9¢ 12601 L2 an1‘t 60°9L¢‘6 9470000° 0T
mm , 0T 9628 1< o 664 0L*09¢ ‘92 e 69ge g2 T6n°¢e gT0000" :
) 0T Lzl 1y ge-0gs 9 el ot s 08" 629°¢ 26°02¢ ‘1€ - HTO000° 0 ¢
n -3/¢ n -3%/¢ n -3%/¢ n -3/¢ n /¢ *3/n 3 wdd
‘480D ‘380D S9T% 3800 ‘as0) ‘380D ‘PTIOS ‘uotTInTog
Surssadoad ~-TT¥30 pue 10811d x0qe] PTOY OTI}IN TBT3TuUl Ul Teurd ut
183101 ‘20uBUIUTEH e300, > ~ UOT3BILUSOUOCD  UOTLBITUSOUOD
. € pRAUIIAQ - umpuaBif umiuBIf

SNOIINTOS O SAIT0S TINIWI - SLS0D DNISSEOOUd

¢ AIAVL




2k

KK 7G£00°0 Lt-9T 00062
| 09¢00" 0e" LT 000¢S6T
G9eCo” Ge gt 000‘0T 0gg00° 0 QT 12 gHIT O
£8L00" ¢o1e 0008 TO®0O" 6662 8890°
Ghoo 69°9¢ 0002 H2H00" gl-0o¢ 63G40°
w 61500° 1€ ¢9 000°¢T | 9g+00" 1994 0620°
¢z2loo 65°9TT 006 0L900° 92° 66 gT600°
. #C0TO" QT ¢ee 0%2 8e600° T6° 89T 664700°
WWWW 99gT0" - 66eHS 001 92HTO" 02 69¢ 0£200*
U ¢1é0" 90°6LO‘T 06 1¢c0’ fL-2zl gHTTOO"
m 6HeT” 227 6ees 0t jieyion 6L T 65H000°
6pe” 00°¢2¢ ‘¢t K TLgo* 0¢-¢Lse 0£2000"
SRS L15e CH 79g°gh 60" T 0gs” 111929 LT 9470000°
#6670 2l." Gelfos 60" T L9g°0 0T 619 “1rh - QT0000" 0
G- uorgoeIy VIREETE udd Gg-N uoT3oRvIy n *8%/¢ ‘3/n 3
qudten ‘Lessy ‘1800 Ax9A003Y ‘yOT4BILUSDUO)D 1yStomn ‘Lessy ‘as0p Lxoao009y ¢ 10T3BIJUS0UOYD
}TULT PIeOSIQ umpuel) TB8lO0L umpuBIg 37Ul PIedstd umpuei T8I0L umyuBL)

sSu0T4NTO8

SPTTOS

SNOTINTOS @IV SAITOS ¥0d SAVSSY IIWIT QYvOSIA QNY SIS0D XYAAODHEY WOINVHN

4 TIGVE




H6£00°0 L1°9T 00062

& 09¢00° 02:L1 000°6T
R G9¢00" G2 gt 000°0T 08£00°0 gL 12 gHtT o
€ge00* €912 000°¢6 TOH00" GG se 8890°
LTH0O" 00°62 0682 L14H00" 00° 62 060"
00" 1L ¢ 0002 ¢21700° 167 0¢ 660"
0%500° 7€°09 000°‘T 0gHoO* ¢l an 0£20°
¢TLo0" Qo ¢TI 004 86900° 16°66 gT600°
¢0Go0" 06°9LT 61¢ €0600° 06'9L1T 00600*
H0TO" 0T ¢22 , 062 9c600" 16981 66H00"
99g3T0" 64 2Hs 00T AN 02 69¢ 0¢200°
g1%0" 90°6LO‘T 0S 1%eo" #L-eel gHTTOo0"
61T geaeefs 0t TgHO" i H6L T | 664000°
| 6ge: 00°¢ee ‘¢t 1 T.go° 0 ¢Lse 0¢2000°
L16° ¢H 98 en 60° T 0gs” - 92g‘ LT 9H0000°
760 el gelfos 60T 19g°0 0T 6T9 Hh gT0000" 0
mmmwmmwomwmmmm ¢ pmow k.nwwk\rm”umm Ncoﬁ.zw.d.wz\.wme....soo mmmwwm””omw““mw ¢ pmow NMMwomm nnoﬁwwmwswwzou
1. IWIT pIeostd mniusln TR0l untuBIf 1 TuT pIedsid miusif) TB10L unguBIf
_ sSUOTINTOS gpT10s

SNOIINIOS ANV SAITOS ¥Od SAVSSY LINIT QUVOSIA ANV SISOD XHMFAODHY WILINVMQ TISTATH

G TIAVEL




& 11
1091J9 UOTBIFUs0U0D 30N Ysaoreaodeas anoy xad- uolTsd G¢-3 oUj UT pue xoyeaodess anoy zad UOTTe3-00T wwwmmwﬂm;mm*
ooy
00°0 0'0 7 H-w ‘- 90°0 ¢T'0 ¢T'T 0°6T 6°QsT ¢e9 46 000¢48
90°0 LG0T -.9°T ¢ - 0T*0 ¢e 0o ¢T'T 0°6T 2'%93 ¢LL-9s 000°6T
60°0 g-lce =62 ¢ - 4T 0 €¢ o ¢T'T 0'6T ¢ 96% | ag°Le 000°0T
820 T°H£9 -6 ‘1-6 0£°0 99°0 ¢ T 0'6T 926l 6e6° gt 0004
M 690 09¢ ‘1 T-L ‘1-0T 6L°O 191 99°T 62L9° 11 2he‘T 0LG"L 000‘2
mm e T 09¢ ‘T =L ‘T-0T 06°'T 12 ¢ ¢e ¢ 69¢g° S SHG ‘T Gl ¢ 000°T
| e _M LL2 09¢ ‘T T-L ‘1-0T 00°¢ 669 99°9 2gT6 2 2He ‘T Geeg 1 004
. m,“ 166 09¢ ‘T T-L ‘T-0T 00°9 TT°¢T ¢ ¢l T6SH' T SHG ‘T 29H6°0 ose
 M_.W g ¢t 09¢ ‘T T-L ‘1-0T 6641 9l eg¢ ¢ ¢¢ €o¢s 0 eHG‘T ¢gleo 00T
- TL° )2 09¢ ‘T I-L ‘T-0T g6°62 TS 49 29°99 2gT62 0 ehe‘T G26gT 0 0§
11 G- pet 09¢ ‘T T-L ‘1-0T 26°641 66" Las 21 ¢¢e¢ 69¢g8G0° 0 AT 6glc0°0 0T
e 9ng 09¢ ‘T T-L ‘1-0T 08" Hl& g6°g1gQ 09°2¢8 gheg20°0 SHG‘T HISTO 0 f
GL 19% 09¢ ‘T T-L ‘1-0T 2lL-664% G6°T60‘T LCOTT T 606LT0° 0 A LA 9¢TT0"0 ¢
0¢°68¢‘T 09¢ ‘T T-L ‘T-0T 02 664%°‘T 76°6L2‘¢ 02 T¢E ‘¢ 9¢8%00°0 AT gLc00°0 T
n -34/¢ ‘Te3 %$1993JF% N *3/¢ n -8%/¢ n /¢ -3y *1e3 ‘Ted/n B n wdd
‘qas0p ‘poazeaodead UOT}BJIY ‘50D ‘ns0) ‘980D ‘unpusag ‘9Z19g uoTqBI}UaOUO) TeTITuUl
wesl.g Ja%eM -u2ou0)  T[BoTiLTBUY JoqeT PIOV OTJIZIN Ppsursiuo) yogeq
uotyrerodesd 1SITd ‘Futtdures TeT1TUL

uorgexrodesy Iojy uojewredarg

FATYONTAVXIH WAINVYN OL NOILNTOS HUNAWI - WILSAS QESTIATY NO mHmoo ZETA0DTY WNINVEN

- 9 TIEYL




27

9T 0 9T 0 910 600 90°0 8991 480 G'gsT 00°0 000462
91" gqT* 9T"* mo.o 900 9°99T H18°' 0 6 Q4T 0T'0 000¢GT
9T" 91" 9T* €00 90°0 8991 #3°0 6 Q4T gtT'0 000°0T
91" 9T 9T°  $0°0 900 8°99T #9°0 G gsT 260 0006
91" 91" oT* Q00 60°0 6°0LT w1 2gt 0 0002
9T* 9T* 91" ¢T'o g1 o G 9L gh'e 28T 280 000°¢T
91" 9T* 91" €0 L£°0 22 6LT 96" H 2gT 19°1 006
91" 9T* 9T"* 290 H#Ll-o 190891 H6°6 2gt le¢ 062
91" 91" 9T* G661 63T G TQT Hg° e 2gt 619 00T
9T* oT" 9T* T1°¢ TL°¢ 2L 18T 69° 64 28T ge 91 05
ww 91" 91" 9T* 26°61 €691 66" 191 ch ghe cgt 06°18 0T
oT” 1% oT* 6L° g Ao 96" 18T L0129 2gt HL°Hoe H
9T* 91" 9T* el 18 9L 19 96" 18T Lo geg egt g6°2l2 ¢
9T'0 91°0 910 6T°G66T 0% SQT 66° 181 92 figh‘e egt 96° 919 T
wawwm% :qumwﬁ anmwm* D«%MM%* Dawmwmﬁ «@mwwwmmd>m avwowwmmmmﬂ a.gm>WHMMpmw D«%MM%% anﬂpthMMonoo
J0geT I0q8T J0q87] J0q®T uweals J1998M U072 08I3XH * TOA UOt3nios J0qg8] TeTqtul

Fuipulah SupuloTe) IJurhag uotyBaodBAY PUOCOSE (*3uod) uorysIOdeAd 38JITJ

(*3u0d) FATHONTIVXEH WRINVEN OF NOILNTOS JANdWL - WALSXS QESIATY NO SISOD XMIAODAM WNINVHQ

h 9 TTEVL




28

09° 6T LG 2¢ ¢ 69'6 cg: e T L2 T 19°2 0¢°1 00062
29T 60°9 e6¢ 6T 0T ¢s: e T la 1 19°2 01 00061
9L 91 €¢°9 89°¢ ¢q 0T 66- ge T L2 1 #9°2 0% T 000°0T
¢q QT LT L LT 4 92° 1T ¢s* 8T L2 1 9°¢ 0¢°1 0008
_ B¢t e H©0° 0T 18°6 Ge 4t el 8T l2°T 192 05" T 000¢2
19°g¢ 10" LT 6g°6 09°12 2N T g1 le1 192 0¢°T 000°T
| L2° L9 80" T¢ Lo°gT 6T 9¢ 982 ge' T lg1 19°e 06T 006
2 m,_ 9 H2T G166 6¢ *He ¢ 69 oL ¢ g T L1 #9°2 0¢° T 062
M 0962 ¢ " eHT 6e-¢Q Lg*est 92 4T Q"1 21 19°¢ 0¢°1 001
R 1L-¢ge ¢6 9T 627962 16°g2 g T Lz T 192 01T 0S
Ing L9 69g‘e T¢ o0h‘T  HL-L1gQ 9T ¢oh‘T GG eHT 9e T L1 192 0¢°1 0T
Q6 QST L gL TIG‘C oL THo‘e 92°Lh9‘¢ L¢°95¢ T le T 19°2 0¢° T f
L THG 6 6T°TQ9‘hT  29-12Ll‘e 451 098‘H GT* 6Ly g1 121 19°2 06T ¢
79 G09‘ge €67 LCO‘HT 6S°T9T‘g T6'LOSHT  6hTGeH T g T L2 19°2 06" T T
n -8%/¢ n 9/¢ 0 '8N/¢ o 9w/¢ n /¢ ncS/¢ 0 cB/$ N cBy/¢ nr/¢ f3sop N wdd
€q80) ‘500 89T2 ‘150D ‘180D ‘1800 aoqeql ‘980D fa50D ‘1800 TBoT1ATBUY ‘UOT3BIFUSOUOD
ALAxor008Y N-HHHpD pus JoqeT 193xTd “Burrdues wsoﬂphams4 JoqwT sutaontd nmmHHmsam T8TaTUT
1820L souBUS]IUTBN  309JFd  T®83OL TOI3U0) Supdmeg (*quoo)
fpealgIaAQ 18107, OTSIBAUCD Suiputran

(*3u0D) HACTHONTAVXHH WAINVMO OL NOILNTOS HMNdWI - WALSXS TASIAZY NO SLS0D X¥HAODEY WIINVH(

9 TIAYVL

y oRCeT
Jilil

et




e
a TGL00°0 09°6GT 00062
66000 2 9T 000¢GT 08¢00°0 19°02 gHIT' 0
66£00°0 - 9L'91 000°0T 86£00°0 6612 8890°
19€00°0 ¢ QT 000°S 6THOO" O 6262 65H0"
1L 666000 6612 0002 . 6L400°0 ™ CHh 0¢20°
"mm LéH00°0 T19°6¢ 000°T 0£900° 0 96°9Q g1600°
”“mm $9500° 0 12lg 004 69800°0 18°$9T 65400
WHWW { 06L00°0 L AN 062 0£T0°0 8Q°'61¢ 0¢200°
' W geaT0 0 €0 962 00T L0200 0T" 429 gH1TOoO"
W 296T0°0 00294 04 G2H0° 0 88° LnG‘T 6SH000"
¢2lo°0 L9 60g‘2 0T mw»o.o #2°080°‘¢ 0£2000°
0691°0 86°gST L 1 0§ 0 69°09¢ ‘ST o:oooo.
€120 ¢L THG6 ¢ 69L'0 8O SSHes gT0o000"
0660 Hg* 609‘ge T Le6°0 €9°g92° 19 HTO000"0
mMNWW@MOmMMMM@ ¢ pmoobh.wwma\umwm ¢ QOﬁvaMMmonoo mMMWMwMOWMMMMm ¢ pmooph.wwmﬁ\vmmm ¢ nod.u.«.w.\%nwmzo o]
1 TWiT PIBOSIC umtusi 18307 WnTuBAf ATWET pIBOSTd umiusan 8101 myiueIf
suoTaNTOg SPTToS

WILSAS XYEAODHM QETJICOW ®HI HOJd SXVSSY IIWIT QUvDSIA QNV SIS0D X¥AAODTY WAINVYN

| ‘ L TIEVT




TSC00°0 09° 4T 000°62

662000 29T 000461
66£00°0 9L'9T 000°0T 08¢00°0 T9°02 gHTT 0
L9¢00°0 cH' QT 000°¢4 Q6£00°0 66 H2 8990°
66£00°0 0¢ e 0002 LTH00"0 00* 62 ogho*
LTHO0 0 00" 62 - 0g8°T 69400° 0 ¢g"TH 0¢20”
266000 60 %9 004 9T900°0 92°¢9Q QT600"
6£L00°0 AR AL 062 €0600°0 06°9LT 62H00°
¢0600"0 06°9LT ¢LT 0¢TO'0 99" 61¢ 0£200°
iAoM) ¢0*96¢ 00T L0207 0 0T" %29 gHTTo0"
296T0° 0 00285 0S Geho 0 g LHs‘T 664000°
¢€2L0°0 L9 69g‘2 0T 26l0°0 12 080°‘¢ 0£2000°
0691°0 86 QST L i 0£¢°0 6Q°09¢ ‘ST 940000"
¢12°0 L THG 6 ¢ 69L°0 g0 G6H gL gT0000"
0660 Hg° 60992 T L¢6°0 €9°g9e ‘14 #TO000 "0
mmmwww.,ﬂomwww“w ¢ pmoo:h.wwwmmmm ¢ soSaa.Mmmmonoo mmﬁﬂmﬂomwmwmw ¢ pmoo:\n.wwwmmom ¢ go&mmwﬁwmnoo
2TWET paeostq unjuer Te1oL uniusIn 1TwET PIBOSTA umtusan T83100 umnjusIf
SUOTINTOS ._SDPTTOS

WELSAS ANTAODTY QEIJALAOW HHIL 904 SAVSSY IIWIT QUYOSICQ ANV SLS0D XYHAODHY WNINVHN TISTATY

g TIdVL




ASSUMPTIONS

This appendix includes all of the important assumptions which were used

to calculate unit recovery costs.

Map-Hours. The following is a list of the nine individual steps'in the
recovery process and the number of ‘man-hours per eight-hour day assigned

to each step:

Man-Rours per

_ Step Eight-Hour Day
1. Leaching or dissolving - éi//g4;z21~
2. Preparation for evaporation ’8
3, First evaporation 2
4. Extraction . 8
5. Second evaporation | 1
6. Drying 1
T. Calcining 1
8. Grinding 1
§. Conversion “:ET”—“
Total 33

Material Requirements and Flows. The basic assumptions concerning

material requirements and flows are described after each indicated step

below as follows:

1. Leaching or dissolving. All sollds are assumed to be sluminum oxide
(A1203) and the amount of nitric acid required to dissolve each pound
of aluminum oxide is the stolchiometric amount of 12N nitric acid

required to do this.

;//z’/////
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Preparation for evaporation. The initial batch size to be processed

is governed by the maximum capacity of the evaporators >or by the
maximum of g(kilograms of uranium processed per e‘éért—hour day,
whichever is the controlling factor. Zvery solution having a
uranium concentration of less than 25,000 ppm requires processing
in the first evaporation step. An amount of 13N nitric acid 1s
added to this solution such that the nitric acid con’centration in

256
the solution after the first evaporatlon step is 3¥. One sample is

withdrawn from each batch for uranium and uranium-235 analysis.

First evaporation. The maximum uranium concentration effected in ’I;"J
this step is 25, OOO ppm. The concentration effect in this s*tep{\‘fv

no greater than 4 to 1. Evaporation capacity of the two evaporators
168e Vet ol 24 -
is %60 gallons of vatep—ewporeée& per ea:gh:b—benr day (sﬁeam—u-téi‘l'z'a:

tion—for—both-this- stwe -antthe-seeond-e¥aporation step.-is-E0-per—cent

efficient; that ig —rE-pounde—of-waier. avaporated per-pound-of-seeem

cc.nd-e-nee&"')7

Extraction. Solutions entering this step have a maximum uranium con-
rd

Z.5
centration of 25,000 ppm and a nitric acid concentration of S

Sufficient nitric acid must be added if necessary to assure that this
nitric acid concentration is attained. No change in uranium concen-
tration is effected in this step. (Extraction capacity of the S~puiee
columns and 3 scrubbing columms is 240 gallons of solution per eight-

hour day. /} £
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Second evaporation. All solutions fed to the evaporators in this
step are concentrated to 300 grams of uranium per liter of solution.
The capacity of the 3 evaporators in this step 1s 480 gallons per

eight-hour day.

Drying, caleining, and grinding. The one man-hour per eight-hour
day required for each of these steps is sufficient for a maximam
throughput of 15 kilograms of uranium through each of these steps

per eight-hour day.

Conversion. Fluorine utilization for this step is 80 per cent
efficient; that is, 80 per cent of the fluorine used will react

with the uranium oxide in this step.




APPENDIX 3B -

SAMPLE CALCULATIONS OF VALUES SHOWN IN TABLE 2

ot o e MQM?M“ cnr Bosad crn tom g-x;%47. |

1.

Initial concentration, g. U/galles of solution.

Initial concentration, g. U/galles =

initial concentration, ppm U (mg./1.) x 3.785 1./gal.
1,000 mg./g-

Tnitial tatch size, ga;}oar-

p)
Water evaporated in first evaporation‘A gallens=

initial batch size, gallews- solubien volume- after evaporation,ip»QZ—~4

initial batch size, gallons
concentration effect in the
first evaporation step

= initial vatch size, ga%lons-

From the first and last members of this equality, obtain

initial batch size, gallow-=

water evaporated, galles X concentration effect
concentration effect - 1

This equation is limited by 3 consideraticns, i.e.:

(1) The concentration effect is eigher T to 1 or the ratio
of 25,000 ppm U to the initial concentration, ppm U,

whichever is lower.

(2) The maximum capacity of the evaporators in the first

evaporation step is 560 gallens of water evaporatedéfmnb

eighi-houw—deyr

(3) The initial batch size contains no more than 15 kilogzams., i;}-

of uranium.
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If item (3) cannot be fulfilled after applying items (1) and (2), the

initial batch size is calculated as follows:

. 15 kg. U x 1,000 g./kg.
Initial batch size, galaloa-= " Ipitial concentration, g. U/gal.

Uranium contained in initial batch size, kilograms.

€ Uranium processed, kg. (per—etgirteirome—dey .

Uranium processe§A= initial batch size, gal. x initial
' concentration, g./gal. x 0.00L kg./gm.

6:277

Nitric acid cost, $/kg. U | 3[
0,‘5%5
4 ~

Nitric acid cost, $/kg. U = /

(0.3 gal. acid/gal. solution)* x initial batch size, gal. X $/gal. acid
concentration effect im first evaporation step X % U

Labor cost, $/kg. U (typical)

Labor cost, $/kg. U =

Man-hours assigned®® x equipment usage, gal. or kg. UM

uranium processed, kg. equipment capacity, gal. or kg. U x $/man-hour

Sampling and Analytical Cost, $/kg. U (typical)

Sampling and analytical cost, $/kg. U =

Sempling and analytical cost, $¥*®
Quantity sampled, kg. U

Steam Cost, $/kg. U (typical)

Steam cost, $/kg. U =

8.345 1bs./gal. water x water eva orated al. X 1b. steam used

0. lbs.mme& 1k. wa.se;\wa%eé x uranium processed, kg.
prucs )

¥Derived on the basis of diluting 13N acid to 3N acid.

*HOr—pErets—of-oightahour-—day.

*w#aboratory dajya.




In this equation

Water evaporated =

P

-

(concentration effect - 1)
concentration effect

‘%’2?‘/4‘ £

~

19.8 1bs. fluorine* x $/1b. fluorine

volwme before evaporation x

8. TFluorine cost, $/kg. U

Fluorine cost, $/kg. U =

15 kg. U
9. Control sample cost, $/kg. U
Controh sample cost, $/kg. U =
3.0 man-hours per—edehé—hewsiay X $/man-hour

uranium processed pev—eight-hour-dey, kg.

*Theoretical amount of fluorine required to fluorinate 15 kg. of uranium
at 80% conversion.
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APPENDIX C

SAMPLE CALCULATIONS OF VALUES SHOWN IN TABLE 3

ot 4 o meadmwg,@%,

1. Uranium concentration in initial solid, g. U/g.

o’

Uranium concentration in final sexutiom, ppm =

1bs. U/1b. solid x 453.50 g. U/1b. U x 1,000 ppm/(g. U/1.) x 0.2462 gal./1.
0.55 gal. nitric ecid/lb. solid*

This equation is solved for lbs. U/lb. solid = g. U/g. solid
to obtain

6 acbe.

g. U/g. solid = 4.59 x 107" x uranium concentration in final setwtdien, ppm.

2. Nitric acid cost, $/kg. U

Nitric acid cost, $/kg. U =

0.55 gal. nitric acid/lb. solid* x $/gal. nitric acid
(Ibs. U/1b. solid or g. U/g. solid) x 0.45359 kg. U/lb. U

3. Labor cost, $/kg. U

Labor cost, $/kg. U =

man-hours requiredfeishé—howsdey x $/man-hour

maximum 1bs. solid processedsetght=tour-dzy x (lbs. U/1b. solid or
g. U/g. solid) x 0.45359 kg. U/Ib. U :

*This value is based on the stoichiometric quantity of 60% nitric acid
(6.843 1bs. of nitric acid per gal.) required to dissolve one pound of
alumina (Alp0%).
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APPENDIX D
DERIVATION OF MIXING LOSS EQUATION
A parabolic equation of the form
2

Y=A+3BX+CX (1)
where ¥ = standard cost of uranium, $/kg. U

X = assay, weight fractlon uranium-235

A, B, and C = constants

can be fitted to uranium cost data over a limited assay range. This

equation is used to derive a mixing loss equation as follows: Consider
two quantities of uranium, M and N, with assays of X; and Xp, respec-
tively."Then, utilizing equation (1) above, the value of the material

before mixing, V), is
Ve = M (A + BX; + CXq°) + N (A + BXp + CXp°) (2)
b= +BE + LA ot 2 2

The average assay after mixing 1s defined by the term

MXl +RX2
M+ N

This term is then substituted for X in equation (1) to obtain the value

of the material after mixing, V,, that is

/ . 2
/ lm
Vo = a+n X)) ¢ 1+NX2> (M + N) (3)
M+ N M+ N

By subtracting equation (3) from equation (2), we obtain the equation for

the mixing loss, dollars, which on simplification becomes

CM 2
= X - X (%)
Mixing loss, dollars W + 1 (X 2)




If N approaches infinity, which is approximately the case in the feed

plant, M/N epproeches zero and equation (%) reduces to
2
Mixing loss, dollars = CM (X7 - Xp) (5)
Thus, equation (5) determines the maximum mixing loss which would be

sustained by mixing recovered oxide at one assay, say Xy, with the

material in the feed plant at assay Xo.

o




APPENDIX E
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CALCULATION OF REVISED DISCARD LIMITS WITHIN ASSAY RANGE 0.00417 TO 0.00903 |

Note that in table L there are three sets of values for‘éolids and for solutions
between the assay range 0.00417 to 0.00903. The assay in each set is applied to
equation (4) in the body of this report, together with the average assay of the
material processed in the feed plant, 0.0066, to obtain the maximum mixing

loss in dollars per kilogram of uranium as follows:

I = 637,143 (1) (0.6066 - o.oosh9)2
= $0.79/kg. U

This mixing loss is subtracted from the saving of $3.76 per kilogram of uranium
which is realized by processing uranium oxide through the feéd plant to obtain

the net saving in recovery cost per kilogram of uranium, thus

Net saving = $3.76 - $0.79 = $2.97/kg. U

This net saving is subtracted from the total recovery cost corresponding to
the assay of 0.00549 listed under solutions, $63.31/kg. U, to obtain the new

total recovery cost, or

New total recovery cost, $/kg. U = $63.31 - $2.97 = $60.34/kg. U

The assay corresponding to this new recovery cost is found from figure 2 as
0.00540 which is the new discard limit assay corresponding to 1,000 ppm of

uranium for solutions.

The above method of calculation is repeated for all the other assay values

assay
listed in table 4 within the/range 0.00417 to 0.00903.

The new assay values so determined, together with the concentration-assay values

in figures 3 apd 4 which correspond to the end points of the assay range, O. ook1T
and 0.00903, determine a eevi

4
e

EROTECET ~TTRiT <curve withln this assay range.
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The defining of discard criteria for contaminated solids and solutions

is dependent upon the uranium unit recovery costs, the incremental value
of the contained uranium, and the nature or cheracteristics of the con-
taminated material. Unit recovery costs include direct labor, overhead,
utilities, reagents, and equipment depreciation. The incremental uranium
value is based upon the determination of production costs associated with
the operation of separation facilities in the gaseous diffusion plant.
The nature or characteristics of the contaminated material refers princi-
.pally to its chemical properties, as well as to the extent of contamina-
tion.

&3

|

V&\,
3
N
Qﬁ

el

i Approaching the waste discard problem in this menner conforms with the
<. provisions of the Atomic Energy Commission Manual, dealing with source

. and special nuclear materials accountability, in which the definition 1s
. given that "strategic” value will not be considered to exceed the

"economic" or dollar value. In asddition to this, specific asuthorization

has been given "to make future discards on the basis of 'marginal’ cost

data" (1). This means that the cost of recovering uranium from the con-

o d,~taminated material to hexafluoride must be compared to the econonic value
€ of thie uranium. If the recovery costs exceed the uranium value, the

‘material should be discarded; and if the uranium value exceeds the recovel
costs, recovery should be effected. An evaluation of unit recovery costs
vas made for that equipment in service prior to the construction of build-
ing K-1420. A study of this type was again performed for the K-1%20
huilding facilities immediately prior to the completion of construction
and was based upon assumed throughputs and operating costs (2). The most
recent evaluation of the current decontamination, recovery, and fluorina-
tion facilities, the results of which are contained herein, was based on

operational experience (3).
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Mr. E. C. Bollinger

February 11, l957|

The scrap recovery capabilities and discard criteria defined in this
report are based upon contaminated activated alumine as a representa-
tive solid and decontamination weak acid solution as a representative
liquid. For other contaminated materials, appropriate recognition
should be taken for variations in processing costs. This means that
the discard data presented are to be used as absolute values only for
the two materials indicated and as a gulde, capable of interpretation,
for other materials. In general, the data are divdded into two cates
gories. The first category is based on present throughput capacities
for the K-1420 building when the effluents (condensate, waste acid,
rinse water) are held to uranium contents not exceeding 10 ppm for
classes A and B material, 2 ppm for cless C material, and 0.5 ppm for
81l higher classes. It is apparent, however, that there is no Justi-
fication for maintaining discard criteria for effluent flows lower
than those for other materials. Therefore, a second category is
included to define the economic values vhen the throughputs are arbi-
trarily assumed to be higher than the presently existing rates by &
factor of 4. This increased throughput rate is not intended to have
a direct application but rather is to be used as a guide in future
operations. ‘ .

Tebles 1 and 2 show the cost of conversion from solid scrap to solution
and solution to oxide, respectively, under present operating capacities.
Teble 3 presents the cost of conversion from solution to oxide operating
at an expanded throughput. Tables 4 and 5 show conversion costs from
solutions to UFg and solids to UFg, respectively, on a unit basis and
-also present the econsmic recovery assays for the various initial uranium
concentrations. These tables are also concerned with operations at an

expanded capacity.

Table 6 presents the uranium values at various assay

levels with a uranium value of

$17 per gram at product level and 2 tails

—assay of 0.22 being worth zero dollars.

Table 7 shows the economic re-

covery points at various sssay levels for K-1420 operations at both the
present and an expanded throughput of both solids and solutions. Curves
presenting this same information are also included with this report.

Additionsl consideration is given to the fluorination capacity and costs
‘of the existing K-1413 operation and to the proposed high flow fluorination
system in K-1420. The K-1413 system is useful at uranium-235 assays between
1 and 2%, with a cost of $7.50 per kilogram uranium. The proposed K~-1420
high flow system will be capable of fluorinating oxide of unlimited assays
at & cost estimated to be $7.70 per kilogram urenium. In each of these
cases, a fluorine cost of $2.50 per pound was used. Changes in the
economic recovery scale are shown in table 8 for both systems because of
the proximity of costs. Little change is evident above 10% uranium-235
from the existing K-1420 facility on a unit cost basis. Therefore,

table 8 is limited to the assay range 1 to 10%. A comparison of the
economic recovery limits for the two fluorination costs above 1% assay

mey be determined by referring to tables T and 8.

-
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TABLE 1

‘CONVERSION OF SOLID SCRAP TO SOLUTION

$/Kilogram U Maximum Safe

- Equipment Capacity Grams U per Unit Deprecia- Isotopic

Lbs./Day Kgs. U/Day. Gram Solid Cost " tion Total Assay
,h,8oo 0.03 0.000014 36,671.59 Nil %6,671.59 No limit
4,800 0.05 0.000023  22,319.29 N1 22,319.29 Yo limit
4,800 0,10 0.0000k6 11,160.75 Nil 11,160.75 No limit
4,800 0.50 0.000230 2,231.11 Nil 2,231.11 No limit
4,800 1.00 0.000459 1,118.47 Nil 1,118.k7 No limit
4,800 2.00 0.001148 L4T7.19 Nil L47.19 80.0
4,800 5.00 0,002300 223,21 Nil 22%.21 k5.0
4,800 £ 10.00 0.00459 111.85 Nil 111.85 25.0
4,800 20.00 - 0.00918 55.93 Nl 55.93 15.0
4,800 50.00 0.0230 22,32 Nil 22,32 8.0
‘14,800 100.00 0.0459 11.18 Nil 11.18 5.0
4,800 150.00 0.0688 T.47 Nil S T.47 k.0
4,800 250.00 0.1148 4.47 Nil b W7 3.0
4,800 300.00 0.1380 3,72 Nil 3.72 2.5%

Isotopic limitations for "always-safe"” quantities are based on 800-pound
bhatch sizes. At higher uranium concentrations, any isotopic assay may
be dissolved by reducing the batch size below 800 pounds but the unit

~ costs will increase proportionately. The reference solid is contaminated
alumina.

Note:
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CONVERSION OF SOLUTION TO OXIDE

$/Kilogram U

Ppm U Maximum Safe
Equipment Capacity in Unit Deprecia- Isotopic
Liters/Day Kg. U/Day Solution Cost tion Total Assay
8,175 0.04 5  20,u82.00 6,198.00  26,680.00  No limit
8,175 1 0.10 12 8,537.00 2,583.00  11,120.00 No limit
8,175 0.41 50 2,05%.00 620.00 2,673.00  No limit
8,175 0.82 100 1,029.00 310.00  1,339.00 ‘No 1limit
8,175 2.00 250 415.00 124,00 539.00  No limit
8,140 4,00 500 209.72 62.28 272.00 No limit
8,100 8.00 1,000 107.29 31.27 138.56 Ko limit
8,000 16.50 2,000 56.09 15.78 T1.87  No limit
7,950 gh.so_ 3,000 38.97 10.62 49.59 No limit
7,800 41.00 5,000 25.35 6.49 31,84  No limit
7,450 82.00 10,000 15.18 3.4 18.59 Yo limit
7,075 122.50 15,000 11.87 .39 .26  Wo limit
6,700 163.50 20,000 10.28 1.89 12.17 No limit
5,920 204.50 25,000 9.73 1.71 11l.4s  No limit
4,650 2k5.00 30,000 8.96 1.82 10.78 No limit
é-
Note: 30,000 ppm U is optimum concentration to extraction system.
[
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TABLE U4

CONVERSION COST* - SOLUTION TO UFg - $/Ka. U

Initial Solution ~ Total Cost Economic
Solution, to Oxide Including Fluorination Recovery
goyo.c Cost 5i;i“ >1% Assays, %
2 19,646,00 19,647.00 19,673.00 -
3 13,032.00 13,033.00 13,059.00 77.80
5 7,789.00 7,790.00 7,816.00 uj.zo
10 '3,908.00 3,909.00 3,935.00 2h.15
12 3,260.00 3,261.00 3,287.00 20.35
50 '785.06 786.00 812.00 5.70
100 395.00 | %96.00 422.00 3,30
250 160.00 161.00 187.00 1.78
500 82.00 83.00 109.00 1.24
1,000 43,00 . 4k, 00 70.00 0.7h2
2,000 24,00 25.00 51.00 0.58
3,000 ‘ 17.26 18.66 bh,09 0.52
5,000 12.08 13.48 %8.91 0468
10,000 8.24 9.6k 35.07 0.h2h
15,000 T.0L 8.41 33,84 0.405
. 20,000 6.43 7.83 33,26 0.397
25,000 6.1k T.54 32,97 0.392
7.38 32,81 0.389

30,000 5.98

#These costs are based on a 4 x expanded recovery capacity at K-1420.
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TABLE 6

RECOVER SCALE CORRECTED TO FRODUCT $17/GRAM
AND TAILS OF 0.22 = O

Assay ' Corrected Value,
% $/Kg. U
0.22 0
0.26 0.51;7
0.30 1.984
0.50 16.78
0:T115 39.39
2.0 | 219.14
5.0 &9k . 8l
10.0 1,521.56
20.0 3,206.68
30.0 ’ 4,907.80
0.0 ' 6,617.58
50.0 8,333.90 )
60.0 10,056.19
70.0 11,785.02
80.0 13,522.51
90.0 15,276.00

9%3.15 15,835.8k4




: o —— -
TABLE 7
ECONOMIC RECOVERY POINTS
FRODUCT - $17 AND 0.22 TAILS - $0
- Solids Solutions, Ppm U
Present Capacity L"x Present Capacity ‘ F x
Pinal Sol. Final Sol. Present Present
Assay g. U/g. Conc., ppm U g. U/g. Conc., ppm U Capacity Capacity
93.15 0.000075 15.3 0.00004k 9.0 8.5 2.5
90.00 0.00007T 15.7 0.0000455 9.3 8.8 2.6
80.00 0.000086 17.5 = 0.000051 10.4 9.8 2.9
70.00 0.000098 19.9 0.000058 11.8 11.3 3.3
60.00 0.000115 23.4 0.000068 1%.8 1%.2 3.9
50.00 0.000138 28.1 0.000081 16.5 15.7 b7
45.00 0.000154 31.3 0.000091 18.5 17.6 5.2
40.00 0.000174 35.4 0.000103 21.0 19.8 5.9
35.00 0.000199 Lo.5 0.000118 o2k.0 22.7 6.8
30.00 0.000230 46.8 0.000138 28.1 26.6 8.0
25.00 0.000280 57.0 0.000168 h.2 32,5 9.7
20.00 0.000355 72.0 0.000214 43,5 41.0 12.3
15.00 0.000480 98.0 0.000292 59.0 53.0 16.7
10.00 0.00074k4 151.0 0.000450 92.0 87.0 26.0
8.00 0.000960 195.0 0.000580 118.0 114.0 3%.0
5.00 0.001675 241.0 0.001010 206.0 200.0 59.0
3.00 0.00330 672.0 . 0.00210 hot.0 394.,0 113.0
2.00 0.00610 1,241.0 0.0037h T61.0 728.0 204.0
1.02 0.0250 5,087.0 0.0155 3,154.0 3,000.0 800.0
0.99 0.0155 3,154.0 0.0078 1,587.0 1,900.0 L80.0
0.90 0.0187 3,805.0 0.010% 2,096.0 2,%00.0 610.0
" 0.80 0.0250 5,087.0 0.0140 2,849.0 3,000.0 820.0
0.7115 0.Q335 6,817.0 0.0198 4,029.0 4,100.0 1,120.0
0.70 0.0350 7,122.0 0.0207 4,212.0 4,200.0 1,160.0
0.60 0.0550 11,192.0 0.0325 6,614.0 6,500.0 1,760.0
0.50 0.1250 25,437.0 0.0630 12,820.0 13,200.0  3,600.0
0.493 0.1380 28,082.0 0.0690 14,041.0 14,500.0  3,750.0
0.453 - - - 0.1070 21,774.0  30,000.0 6,000.0
0.44o - - 0.1380 28,082.0 - 7,600.0
0.389 - - - - - 30,000.0
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TABLE 8

ECONOMIC RECOVERY POINTS
(WITH REDUCED FLUORIFATION COSTS)

Solids - g. U/g. Solutions, ppm U
Present 4 x Present Present 4 x Present
Assay Capacity Capacity Capacity Capacity
10.00% 0.000730 0.000450 86.0 25.0
8.00 0.000950 0.000580 113.0 33.0
5.00 0.001650 0.001010 , 195.0 56.0
3.00 0.00%312 0.00190 375.0 108.0.
2.00 0.00540 0.00340 660.0 150.0
1.02 0.0190 0.0104 2050.0 600.0

Sy UNCLASSIFIED
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